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AB DERWENT ABSTRACT: 

NOVELTY - Producing (M) a modified target enzyme with an altered 
performance profile (PP) , by analyzing a target enzyme (I) to identify 



one or more regions or amino acid residues (R) in (I) for modification, 
modifying (R) to introduce a catalytic triad of cellulase 103 comprising 
residues Ser227, His200 and a proton donor, in (I), and selecting a 
modified (I) having altered PP as compared to (I), is new. 

DETAILED DESCRIPTION - Producing (M) a modified target enzyme with 
an altered performance profile (PP) involves providing (I) , analyzing (I) 
to identify (R) in (I) for modification, modifying (R) so as to introduce 
a catalytic triad in the target enzyme, and selecting a modified target 
enzyme having an altered performance profile as compared to (I) . The 
catalytic triad (CT) includes a first member comprising an amino acid 
residue or chemical group which acts as a proton donor (equivalent to 
Glul239in Bacillus cellulase 103 sequence (SI) ) , a 
second member which is equivalent to histidine 2 00 in 
the sequence of Bacillus cellulase 103 (sequence (SI) 

comprising 467 amino acids fully defined in the specification) , and a 
third member which is an equivalent to serine 227 in 
the sequence of Bacillus cellulase 103 or a water 

molecule which functions in acid/base catalysis. Alternatively, the 
method involves providing (I) , analyzing (I) to identify (R) for 
modification so as to introduce a CT, genetically modifying a DNA 
encoding (R) so as to create a library of modified (I) having mutations, 
and selecting a modified (I) from the library having an altered 
performing profile as compared to (I). INDEPENDENT CLAIMS are also 
included for the following: (1) a library of modified target enzymes 
produced by (M) ; (2) an isolated target enzyme (la) comprising a 
polypeptide genetically modified to comprise CT; (3) a nucleic acid 
molecule (II) comprising a DNA encoding (la) ; (4) a vector (III) 
comprising (II); (5) a. host cell (IV) comprising (III); (6) making (la); 
(7) a modified target enzyme produced by the method of (6) ; (8) a 
detergent comprising (la); and (9) a composition comprising (la) and a 
carrier . 

BIOTECHNOLOGY - Preparation: (la) is obtained by culturing (IV) (a 
prokaryotic cell) transformed with a replicable expression vector 
comprising the DNA encoding a modified target enzyme and operably linked 
to a control sequence capable of effecting expression of the modified 
target enzyme in the host cell, and recovering and/or purifying the 
expressed modified target enzyme (claimed) . Preferred Method: The first 
and second and third members of CT includes amino acid residues 
equivalent to Glnl39, His200 and Ser227, respectively, in the sequence of 
Bacillus cellulase 103 (SI) . The first member of CT is 
preferably Glu or Asp, and third member is Ser, Thr or Asp. (I) is a 
cellulase or hydrolase. The altered performance profile is altered pH 
profile, where (I) has an acidic pH profile and the modified (I) has an 
alkaline pH profile. (M) further involves providing DNA encoding the 
selected modified target enzyme in a vector, and expressing the DNA so as 
to produce the selected modified target enzyme. 

USE - (M) is useful for producing a modified target enzyme ^having an 
altered performance profile (claimed) . 

ADVANTAGE - The modified target enzyme having the catalytic triad 
efficiently hydrolyses cellulase under alkaline conditions. 

EXAMPLE - To analyze the sequence and structure of cellulase 103, an 
EcoRI-Xbal restriction enzyme fragment from pUCAPRI03 containing the 
complete BCE103 coding sequence was ligated into EcoRI-Xbal digested 
pBS42T vector to generate pBS4ST103. BCE103 had two repeated C-terminal 
cellulase binding domains. A plasmid encoding the BCE103 catalytic core 
was generated from pBS42T103 by inverse polymerase chain reaction (PCR) 
using the primers TAAACTATATAATTGATAAAAATTTACTAATGAGA and 
TGGCGGAATAGATGCTGATTCTCTTATTTTTTCCCto generate the plasmid pC0RE3 . The 
protein sequence encoded by pC0RE3 comprised 3 08 amino acids fully 
defined in the specification. pCORE3 was transformed into Bacillus 
subtilis BG3934. The secreted BCE103 catalytic core sequence was then 
recovered from B. subtilis cultures. The catalytic core sequence of 
cellulase 103 was crystallized in 0.5-1. 0M ammonium sulfate in 200mM 
sodium cacodylate pH 5.5-7.0. Reflections were recorded with a R-axis II 
image plate utilizing CuKalpha radiation from RU200B rotating anode, and 



reduced to structure factor amplitudes using programs distributed with 
the data collection system. Data were scaled together, and difference 
Patterson and difference Fourier maps were calculated using Xtalview. The 
heavy atom positions of 5 derivatives were determined by inspection of 
difference Patterson maps and placed in a common co-ordinate frame using 
derivative anomalous scattering. Subsequent maximum likelihood heavy-atom 
refinement and phasing was performed with SHARP, and. the resultant phases 
improved further by solvent flipping in SOLOMON. The resultant electron 
density maps were of excellent quality, and unambiguous chain trace was 
obtained with Xautofit and refined using Xplor3.1. Water molecules were 
added using Xsolvate. The acid/base catalyst in cellulase 103 was 
postulated to be glutamate 139 and the nucleophile to 
be glutamate 228. The two carboxylate groups were approximately 5.0 
Angstrom apart, which was consistent with an enzyme hydrolyzing the 
beta-1 , 4 -glycosidic bond through a double displacement mechanism, with a 
- glucosyl enzyme intermediate, which retained the anomeric configuration 
in the product. Adjacent to glutamate 139, was 
histidine 200, between which there was a short 1.63 
Angstrom hydrogen bond. Also in close proximity to histidine 
200, was serine 227, with a hydrogen bond of 

2.77 Angstrom. The three hydrogen -bonded residues, Glul39, His200 and 
Ser227 were identified as a functioning catalytic triad in cellulase 103. 
(47 pages) 
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AB The crystal structure of an alkaline Bacillus cellulase 

catalytic core, from glucoside hydrolase family 5, reveals a novel 
combination of the catalytic machinery of two classic textbook enzymes. 
The enzyme has the expected two glutamate residues in close proximity to 
one another in the active-site that are typical of retaining cellulases. 
However, the proton donor, glutamate 139 is also 

unexpectedly a member of a serine-histidine-glutamate catalytic triad, 
forming a novel combination of catalytic machineries. Structure and 
sequence analysis of glucoside hydrolase family 5 reveal that the triad is 
highly conserved, but with variations at the equivalent of the serine 
position. We speculate that the purpose of this novel catalytic triad is 
to control the protonation of the acid/base glutamate, facilitating the 
first step of the catalytic reaction, protonation of the substrate, by the 
proton donor glutamate. If correct, this will be a novel use for a 
catalytic triad. 
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